Differences in bold and shy personality on sea bass Dicentrarchus labrax were investigated between a population (wild) produced from wild-brood fish and a population (selected) produced from selectedbrood fish. During the experiment (112 days), fish were reared under self-feeding condition to characterize the feeding behaviour of each individual fish. Three risk-taking tests (T1, T2 and T3 of 24 h with day-night alternation) were carried out at > 1 month intervals on 180 fish of each strain in order to monitor D. labrax behaviour over time and in relation to the light:dark period. A risk-taking score was evaluated via a preference choice between a safe zone (without food) and a risky zone (potentially with food) by recording the number and the duration of individual passages through an opening in an opaque divider. Results showed that fish performed passages preferentially during the night period and that wild fish were generally bolder than selected fish during T1 and T2 but showed a decrease in risk taking during T3, contrary to selected fish which showed a constant increase in their risk-taking behaviour. The phenotypic characteristics of the bold fish were different in the two strains: wild bold fish were the smallest within the wild strain and selected bold fish presented the higher growth rate within the selected strain. For both strains, these bold fish were also generally characterized by a high feed-demand activity. Fish hunger state thus seemed to be the highest motivation for risk-taking behaviour under the present conditions. Furthermore, behavioural variations over tests such as higher risk taking (number of passages) and faster exploratory responses (higher score emergence) could be interpreted as relevant indicators of the learning process and habituation. According to the results, however, no real difference in coping strategy between strains could be observed at this first stage of domestication and selection.
and Atlantic aquaculture and was recently domesticated. Domestication is defined as a 76 process by which an animal population becomes adapted to the captive environment by 77 genetic changes occurring over generations and environmentally-induced developmental 78 events reoccurring at each generation (Price, 1984) . Thus, to characterize fish personality in 79 order to evaluate the potential abilities in learning, stress tolerance or adaptation, appears 80 essential to assess if the welfare of domesticated fish is threatened. Further, selective breeding 81 is an unavoidable practice in the whole animal production but in marine fish, selection has 82 been applied only recently (one or two generations) and growth is the major trait of interest. 83
One commonly used approach in studying the effect of domestication is to compare wild and 84 domestic stocks of a given species (Desforges & Wood-Gush, 1976; Boice, 1980; Price, 85 1980). For that reason, our study investigated personality traits on fish produced from wild 86 (Wild strain) or from brood fish selected for growth (Selected strain). 87
The aims of this study were to characterize D. labrax personality traits (bold versus 88
To monitor the risk taking behaviour, each tank was separated in two unequal zones by 125 an opaque divider. The safe zone was shadowed, represented 2/3 of the space and gathered all 126 fish at the beginning of the experiment. The other zone, the risky zone was lit, represented 1/3 127 of the space and included the self-feeder and feeding area. The opaque divider had a circular 128 (12 cm Ø) opening in its centre that was equipped with a PIT-tag detection antenna connected 129 to a control device. Each fish carried a PIT-tag inserted horizontally just behind the head to 130 prevent any position change subsequent to its implantation. Such a set up allowed monitoring 131 the individual passages through the opaque divider, and the associated time stamp. The study 132 was completed by visual observations and video recording (Mini color CMOS camera 133 (Velleman) and hard disk recorder). 134
The three tests were done on the same fish groups, under stable environmental 135 conditions, and according to the same procedure, each test lasting 24h. The divider was 136 installed in each tank at 10:00 and the opening was blocked for 30 min before the test started. 137
The tests were operated at Day 1, the beginning of experiment (D1, T1), at Day 48 (D48, pellets and feed dispensers were regulated to distribute a mean of 0.5 g kg -1 and 0.3 g kg -1 of 145 fish at the beginning and at the end of the experiment respectively. Triggering activity 146 recordings were done continuously for 112 days. Such a set up allowed us to monitor the 147 number, the date and the hour of feed demand in each tank. 148
Data analysis 150
The traits of interest and the variables chosen to measure them were the following: 151
As group behaviour, proportion of the fish population entering in the risky zone was 152 calculated. 153
Individual risk-taking behaviour was evaluated by analyzing the total time spent in the risky 154 zone, the number of passages per hour through the opening, the time spent in the risky zone at 155 each visit and the latency before the first entry in the risky zone. The comparison of the data 156 between each test gave us an indication on the fish habituation and learning. 157
The individual score emergence (Se) was also calculated as: [test duration (min) -emergence 158
-1 , where total test duration was equal to 1440 min and 159 emergence time corresponded to the time necessary to realize the first entry in the risky zone. 160
Score emergence close to 0 therefore corresponded to a very late or no entry in the risky zone 161 while close to 1, it corresponded to a very fast entry. Correlation between successive 162 individual score emergence was evaluated (Pearson correlation between test T1 and T2; or T2  163 and T3) as criteria of fish bold or shy personality consistency over time. 164
Bold individuals were characterized by using the correlation level between individual score 165 emergence or number of passages through the opening and phenotypic traits (mass, length, 166 specific growth rate, body condition factor) and feed demand. 167
Fish individual mass was recorded at Day 1, 27, 53, 77, and 112 under light anaesthesia with 168 0.08% of clove oil. 169
The specific growth rate was calculated as: 170 G (% body mass per day) =100 (Ln M f -Ln M i ) x t -1 , where M f and M i are the final and the 171 initial body mass (g) respectively and t the total number of days. 172
The body condition factor was calculated as: K (g cm -3 ) = 100 x M x L -3 where M is body 173 mass (g) and L is the standard body length (cm). All mean values were expressed with the standard error (S.E.). 181
During the experiment, some fish died for different reasons i.e. some jumped out of 182 the tank or for unidentified causes: it concerned 7 Wild and 9 Selected fish during all the 183 experiment duration. These fish were excluded from the data analysis from the beginning of 184 the experiment to keep the same number and identity of fish studied during the three tests. 185
Data were analyzed for normality with a Shapiro-Wilk test and for homoscedacity 186 with a Bartlett"s test. The variables "total time spent by a fish in the risky zone (%)" and 187 "individual score emergence" have undergone an arcsine transformation to normalize data 188 (Sokal & Rohlf, 1995) . Then, for all variables except latency, a repeated ANOVA was used to 189 analyse the average differences between strain (fixed factor), day and night period (fixed 190 factor repeated within test), tests (fixed factor) and tanks (random factor nested within strain). 191
For latency, a repeated ANOVA was used to analyse the average differences between strains 192 (fixed factor), tests (fixed factor) and tanks (random factor nested within strain). the risky zone, its behaviour was the same than the first fish, which became again very active. 208
On the contrary, during T2 and even more during T3, fish entries in the risky zone were slow, 209 even for the first fish passage. During T2 and T3, a lot of fish remained in the risky zone, and 210
were passing in and out of the risky zone continuously and slowly. 211
212

Proportion of the fish population entering in the risky zone 213
The proportion of Wild and Selected population entering in the risky zone was similar 214 (F 1,12 =0.03, p>0.05), but changed within time: it was much lower at T1 (23±7%) than during 215 T2 (89±3%) and T3 (85±8%; F 2,12 =38.71; p<0.001). The proportion of fish entering in the 216 risky zone during T1 and entering again during T2 was 98±2% for Wild and Selected fish. 217
Between T2 and T3, it was 81±21% for Wild fish and 98±1% for Selected fish. 218
219
Total time spent by a fish in the risky zone, influence of day-night alternation 220
As a general feature, both strains spent less time in the risky zone than in the safe zone 221 (Fig. 1) . Whatever the strain, fish spent more time in the risky zone during the night period 222 than during the day period (Table II) . Strains behaviour only differed within time: Wild fish 223 spent more time in the risky zone than Selected fish during T1 and T2, and less during T3.
Wild fish showed a significant increase of time spent in the risky zone between T1 and T2, 225 and a decrease between T2 and T3, while Selected strain showed a constant increase between 226 T1 and T3. 227
228
Number of fish passages per hour through the opening, influence of day-night alternation 229
Whatever strain, the number of fish passages per hour through the opening was higher 230 during the night period than during the day period (Fig.2 , Table II through the opening increased significantly between T1 and T2 for both strains; however it 235 decreased for Wild strain at T3 while it increased significantly for Selected strain. 236
For the Wild strain, this variable was positively correlated to individual feed demand (F) and 237 negatively correlated with fish mass (M) at T1 (Table III) . For the Selected strain, it was 238 positively correlated to fish growth (G) at T1 and to F at T2 and T3. 239
240
Time spent by a fish in the risky zone at each visit, influence of day-night alternation 241
For both strains, the time spent by a fish in the risky zone at each visit was longer during 242 the day than during the night (Fig.3, Table II ). It was identical for the two strains during T1 243 and T3 but during T2, Selected fish spent almost twice the time in the risky zone than Wild 244 fish did. The time spent by a fish in the risky zone at each passage decreased significantly 245 between T1 and T2 for both strains; however it stayed at the same level at T3 for Wild strain, 246 while it decreased significantly for Selected strain. 247 During T1, both strains showed a strong latency before the first entry of a fish in the 250 risky zone (Fig. 4, Table II ) that occurred principally after the night period. During T2, the 251 first entry was generally done before the night and Wild fish entered in the risky zone earlier 252 than Selected fish. During T3, for both strains, the first entry was also generally done before 253 the night period and Selected fish entered in the risky zone earlier than Wild fish. Both strains 254
showed a significant decrease of the latency before the first entry between the two first tests, 255 however, Wild fish were characterized by an increase of this latency during the third test 256
while Selected fish presented a decrease. 257
258
Score emergence 259
For the Wild strain, there was no correlation between individual score emergence and 260 other variables (Table III) For the Selected strain, individual score emergence was positively correlated to fish growth at 264 T1 and to feed demand at T3 (Table III) Generally, the learning term refers to a change in behaviour with experience (Dill, 1983), but 297 different types of learning exist: i) the individual learning which involves only a direct 298 interaction between the fish and the situation (i.e. stimulation or environment change) andsubsequent acquisition of a novel behaviour (Giraldeau et al,. 1994) ; ii) the social learning 300 which refers to learning that is influenced by observation of (or interaction with) other 301 individuals (Galef & Giraldeau, 2001); and iii) the leadership which can be defined in animal 302 groups as the initiation of a movement or a change of direction during a movement, made by 303 one or some individual(s) and followed by the rest of the group (Krause et al., 2000) . In the 304 present study, the majority of fish passed in the risky zone during test 1 passed again during 305 test 2 and 3 and the fish that entered first in the risky zone were also the fish that performed 306 the highest number of passages per hour through the opening. Thus, according to these results 307 it is probable that fish learned individually how to cope with the environmental change, but as 308
shown by the high increase in the percentage of the population entering in the risky zone 309 during the second test, it is also likely that social learning played an important part in this 310 change of behaviour. Learning by leadership seemed only present in the Wild strain. Indeed, 311
we showed that fish which presented the highest score emergence were the same over time. 312
According to this result, we could hypothesize that fish which have been produced from wild 313 parents expressed higher schooling behaviour (with leader fish) than fish produced by parents 314 with one generation of captivity and one generation of selection for growth. 315
Finally, our results suggest that the behavioural response changes over tests could be 316 related first to habituation and both individual learning (with strengthening over time) and 317 social learning (based on the congener"s behaviour observation) and second, for fish 318 presenting less than one generation in captivity, to a possible leadership learning. 319 320
How did the day-night alternation influence risk taking behaviour? 321
As a general feature, D. labrax spent more time in the risky zone and performed the 322 majority of passages through the opening during the night period. This explained that the time 323 spent by a fish in the risky zone at each visit was higher during the day than during the night 324 period. They were thus more actively moving during the night period. In natural environment, 325 it has been shown that fish reduce their individual risk of predation by entering refuges 326 wherein they are less susceptible to predation than in open habitat (Godin, 1997; Persson et 327 al., 1997). According to these observations and to our results, we could hypothesize that fish 328 considered the safe zone as a refuge, and performed the majority of passages when the risk 329 had decreased, that is during the night period, when there was no more light difference 330 between risk and safe zone. However, the high decrease over time of the latency before the 331 first entry of a fish in the risky zone seemed to show that the fish perception of the light 332 difference between the two zones and the day-night alternation had less importance, and thus 333 the dangerous character of the risky zone had decreased over time. Such behavioural changes, 334 could be, one more time, explained by habituation, but also by learning process. 335
336
What are the effects of fish domestication and selection levels on risk taking behaviour? 337
General behaviour was quite similar for both D. labrax strains, but some differences 338 appeared during the successive tests. Indeed, during the first test, the Wild strain was 339 characterized by a longer total time spent in the risky zone than the Selected strain. During the 340 second test even if both strains increased the number of passages through the opening and 341 decreased the latency before the first entry and the time spent at each passage in the risky 342 zone, these behavioural changes were more marked for Wild strain than for Selected strain. increased boldness might be due to their higher food needs, since bold fish during the first test 364 presented a higher specific growth rate, and during the second and the third test fish were 365 characterized by a higher feeding motivation than shy individuals. Wild bold fish, as for them, 366 were characterized by a higher feed demand activity during the period following the first test 367 but also by a smaller mass than shy individuals. These results seemed to be in opposition to depleted nutritional state and they might be more disposed to take risk in order to compensate 377 such depletion. If this correlation appeared only during the first test, it might be, once again, 378 because it was during this first test that the risky zone presented the most dangerous character 379 for fish. 380
The risk-taking behaviour is usually the result of a trade-off between risk aversion and other 381 motivations such as hunger, curiosity or need to maintain inter-individual distances (Leblond 382 & Reebs, 2006) . In this study, fish hunger state seemed to be the highest motivation for D. 383 labrax risk-taking behaviour. 384
In conclusion, the present study has demonstrated that, in D. labrax, i) the time spent in 385 a risky zone (in total and at each visit), the number of passages through an opening and the 386 score emergence compared over time and between day and night period, were relevant 387 indicators of fish learning process and habituation and that ii) those indicators could be used 388 as standardized measures of cultured fish "personality". It also showed that risk-taking 389 behaviour seemed to be correlated with fish mass, growth and feed demands which seemed to 390 highlight the important effect of fish hunger state on this behaviour. According to the results, 391 however, no real difference in coping strategy between strains could be observed at this first 392 stage of domestication and selection. To better understand domestication and/or selection 393 effects on D. labrax behaviour and adaptability, it would be therefore necessary to perform 394 measurement on fish produced from at least a second generation of domestication or 395 Level of significance: * p < 0.05, ** p < 0.01, *** p < 0.001 and ns means no significant value.
4 Table Table II Table III . Canonical correlation coefficients between dependent variables (e.g. the number of fish passages per hour through the opening (Np) 10 and the individual score emergence (Se)) and independent variables (e.g. fish mass (M), length (L), specific growth rate (G), body condition 11 factor (K), and the number of individual feed demand (F)) for each strain and for each test. 12 Canonical correlation coefficients are given with p-value and the number of individuals (n).
14 Level of significance: * p < 0.05, ** p < 0.01, *** p < 0.001. 15 16
